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NGS 특집

• ..�분해된 RNA(RIN 2-3), non-polyadenylated RNA를 이용하여 cDNA 

library 제작

•  소량의 시료 – 200 pg rRNA-depleted RNA(2 ng total RNA)

•  FFPE나 LCM과 같은 어려운 샘플에 이상적

•  5’ 또는 3’ 편향이 없는 complete transcriptome coverage

•  뛰어난 재현성, mappability, ERCC correlation

서론

차세대 시퀀싱(Next Generation Sequencing, NGS)은 전체 

transcriptome에서 높은 감도와 다양한 범위로 RNA 발현 분석을 가

능하게 했다. 하지만 FFPE(formaldehyde fixed paraffin embedded 

tissue)나 LCM(laser captured microdissection)과 같이 RNA 샘플이 

분해되어 품질이 좋지 않거나 소량인 샘플에서는 적용하기 어려운 한계

가 있다. 

SMARTer Universal Low Input RNA Kit for Sequencing을 이용하면 분해

되거나 소량의 샘플에서도 random primer를 이용하여 cDNA library

를 제작할 수 있고, 이때 이용되는 샘플 양은 불과 2 ng total RNA이다. 

이 키트의 산물은 5’ 또는 3’으로 편향되지 않은 whole transcriptome 

coverage를 보이며, 뛰어난 재현성reproducibility, mappability, ERCC 

correlation을 보인다. 또한 transcriptome profiling용 cDNA library 

제작은 2일 밖에 소요되지 않는다(그림 1). 또한 본 키트를 이용하여 

RIN(RNA Integrity number) value가 2.4인 human brain total RNA 

샘플로 cDNA library를 제작하는 실험도 진행되었다.

 

그림 1. NGS Work flow for the SMARTer Universal Low Input RNA Kit for Se-

quencing

SMART cDNA 합성 프로토콜

Clontech의 SMART(Switching Mechanism At the 5' end of the 

RNA Template) 기술은 단일 반응으로 full-length cDNA를 합성할 수 

있는 획기적인 방법이다. 이 방법은 역전사효소의 말단전이효소terminal 

transferase 활성과 주형전환template switching 활성을 이용하여 1st strand 

cDNA의 3’ 말단에 PCR adaptor를 부가하므로 별도의 ligation 단계가 

필요 없다.

잘 보존된 mRNA 샘플의 경우에는 역전사 단계에서 oligo dT primer

를 이용하고 single cell 레벨에도 적용 가능한 SMARTer Ultra Low Input 

RNA Kit for Illumina Sequencing-HV를 추천한다. 반면, 분해된 소량의 

RNA(200 pg- 10 ng)를 이용하여 cDNA를 합성하는 실험에는 random 

primer(modified N6 primer)를 이용하는 SMARTer Universal Low 

Input RNA Kit for Sequencing을 추천한다(그림 2).

 

그림 2. Synthesis scheme for SMARTer Universal Low Input RNA Kit for Sequencing. 

First-strand cDNA is synthesized from sheared rRNA depleted RNA, using a modified 

N6 primer called SMART N6 CDS (N = A, G, T, or C). When SMARTScribe Reverse 

Transcriptase reaches the 5' end of the RNA, its terminal transferase activity adds a few 

additional nucleotides to the 3' end of the cDNA. This non-template nucleotide stretch 

anneals with the SMARTer Oligonucleotide, creating an extended template where the RT 

continues through the II A sequence. The SMARTer anchor sequence and the modified 

N6 sequence serve as universal priming sites for cDNA amplification. Finally, amplified 

cDNA is digested with RsaI to remove the adapter prior to sequencing.
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SMARTer® Universal Low Input 
RNA Kit for Sequencing
Prepare cDNA libraries from small quantities of compromised RNA

• Library production from degraded (RIN 2–3) or non-polyadenylated RNA

• Low input—as little as 200 pg of rRNA-depleted RNA (derived from 2 ng 
total RNA)

• Ideal for FFPE and laser-captured samples

• Complete transcriptome coverage without 5' or 3' bias

• Superior reproducibility, mappability, and ERCC correlation

Introduction

Next Generation Sequencing has enabled RNA expression analysis over
the entire transcriptome with high sensitivity and a wide dynamic range.
One limitation in the fi eld is a lack of methods that utilize degraded RNA 
samples such as FFPE (formaldehyde fi xed paraffi n embedded tissue)
and laser-capture dissection, which result in a loss of overall sample
quality and/or yield.

The SMARTer Universal Low Input RNA Kit for Sequencing addresses
these challenges by utilizing random primers that can generate cDNA libraries
from degraded RNA samples, starting with as little as 2 ng of total RNA. 
Importantly, this kit produces whole transcriptome coverage without 5' or 3' 
bias, and yields excellent reproducibility, mappability, and ERCC correlation.
The total time required to generate cDNA libraries for transcriptome profi ling 
from compromised total RNA is two days (Scheme 1). This application highlights 
a case study where the SMARTer Universal Low Input RNA Kit for Sequencing 
was used to generate cDNA libraries from chemically compromised human 
brain total RNA, with a RIN (RNA integrity number) value of 2.4.
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Scheme 1. NGS Work fl ow for the SMARTer Universal Low Input RNA Kit for Sequencing.
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SMART™ cDNA synthesis protocol for compromised RNA samples

Clontech’s revolutionary SMART technology (Switching Mechanism At the 5' end of the RNA Template) is an exception-
ally efficient method for accurately synthesizing full-length cDNA in a single reaction.  This method relies on the template 
switching activity of reverse transcriptase to enable the direct addition of a PCR adaptor to the 3' end of the first-
strand cDNA, thus avoiding inefficient ligation steps.

For samples containing well-preserved mRNA, our SMARTer Ultra Low RNA Kit for Illumina® Sequencing—which 
uses a dT oligo-primed reverse transcriptase reaction—offers exceptional sensitivity at the level of a single cell. 
In contrast, the SMARTer Universal Low Input RNA Kit for Sequencing utilizes a random primer (modified N6 primer), 
which enables cDNA production from low amounts (200 pg–10 ng) of compromised input RNA (Scheme 2).

Gene body coverage, reproducibility, mappability, and ERCC correlation data obtained using the SMARTer Universal 
Low Input RNA Kit for Sequencing are presented below.

cDNA library production from limited amounts of compromised human brain total RNA

The SMARTer Universal Low Input RNA Kit for Sequencing was used to prepare cDNA libraries from chemically 
sheared (1) Human Brain Total RNA (Clontech®, Cat. No. 636530). A 300 ng stock of sheared total human brain RNA 
was spiked with chemically sheared ERCC (External RNA Controls Consortium) control RNA. Next, the sample 
was cleared of rRNA, in 100 ng batches, using a modified Epicentre® Ribo-Zero™ protocol (Illumina, Cat. No. MRZH116). 
The degraded nature of the input RNA is illustrated on an electropherogram trace with a broad peak at ~200 bp 
(Figure 1, Panel A). Note: To locate the modified Epicentre Ribo-Zero protocol, go to www.clontech.com and type 
“Protocol for Removal of rRNA from Small Amounts of Total RNA” in the search box.
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Scheme 2. Synthesis scheme for SMARTer Universal 
Low Input RNA Kit for Sequencing. First-strand cDNA 
is synthesized from sheared rRNA depleted RNA, 
using a modified N6 primer called SMART N6 CDS (N = A, G, 
T, or C). When SMARTScribe™ Reverse Transcriptase reaches 
the 5' end of the RNA, its terminal transferase activity adds a few 
additional nucleotides to the 3' end of the cDNA. This non-template 
nucleotide stretch anneals with the SMARTer Oligonucleotide, 
creating an extended template where the RT continues through 
the II A sequence. The SMARTer anchor sequence and the modified 
N6 sequence serve as universal priming sites for cDNA 
amplification. Finally, amplified cDNA is digested with RsaI 
to remove the adapter prior to sequencing.
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SMARTer® Universal Low Input RNA Kit for Sequencing

분해된 소량의 human brain total RNA을 이용하여 

cDNA library 제작

Human Brain Total RNA(Code 636530)를 화학적으로 절단(1)한 후

SMARTer Universal Low Input RNA Kit for Sequencing을 이용하

여 cDNA library를 제작하였다. 300 ng의 절단된 human brain RNA

에 화학적으로 절단한 ERCC(External RNA Controls Consortium) 

control RNA를 섞었다. 그 후, 100 ng의 샘플을 Epicentre Ribo-

Zero(Illumina, Cat. No. MRZH116)의 변형 프로토콜을 이용하여 

rRNA를 제거했다. 분해된 RNA는 electropherogram에서 200 bp 근처

에서 넓은 peak를 나타내었다(그림 3, panel A).

Note: Epicentre Ribo-Zero의 변형 프로토콜은 Clontech(www.

clontech.com)에서 “Protocol for Removal of rRNA from Small 

Amounts of Total RNA”로 검색하면 자세한 내용을 확인할 수 있다. 

 

그림 3. Yield and purity of input RNA and resulting cDNA libraries. Panel A. Human Brain 

Total RNA (HBTR) was chemically sheared, spiked with ERCC control RNA (4 μl of a 

1:1,000 dilution per 100 ng), and rRNA-depleted using a modified Ribo-Zero protocol for 

lowinput samples. One microliter was analyzed using the Agilent 2100 Bioanalyzer (RNA 

6000 Pico chip). Panel B. Three amounts of rRNAdepleted RNA (156 pg, 780 pg, and 7.8 

ng) were used as input for the SMARTer Universal Low Input RNA Kit for Sequencing, and 

1 μl of the resulting cDNA library was analyzed on the Agilent 2100 Bioanalyzer (High Sen-

sitivity DNA chip).

위와 같이 rRNA를 제거한 RNA를 cDNA 합성에 사용하였다(156 pg, 

780 pg, 7.8 ng의 rRNA-cleared RNA는 각각 total RNA 2 ng, 10 

ng, 100 ng에 해당하는 양이다). SMARTer Universal Low Input RNA 

Kit for Sequencing을 이용하여 제작된 cDNA library는 사용한 RNA 

농도에 상관없이 비슷한 수율과 순도를 나타냈다(그림 3. panel B). 각

각의 cDNA library 1-2 ng으로 Clontech의 Low Input Library Prep 

Kit(Code 634947)을 이용하여 Illumina MiSeq 장비로 분석하기 위한 

시퀀싱용 library를 준비하였다. 모든 library는 높은 수치로 read되었으

며 84-87%의 mapped, unique mapped 77-79%이며, 15,000개 이상

의 유전자를 식별했다. 3 종류의 library에서 rRNA는 2% 미만이었다 (

표 1).

 

표 1. Sequencing alignment metrics for three N6 libraries. cDNA libraries were created 

using 156 pg, 780 pg, and 7.8 ng of rRNA-depleted human brain reference RNA and used 

for sequencing. Illumina adapters and indices were added to 1–2 ng of each cDNA library 

using the Low Input Library Prep Kit, and the cDNA samples were sequenced on an Illu-

mina MiSeq Platform with 1 x 50 bp reads. Reads were trimmed by CLC Genomics Work-

bench and mapped to rRNA and the mitochondrial genome with CLC (% reads indicated). 

The unmapped reads were subsequently mapped with CLC to the human genome with 

the RefSeq masking, producing mapped reads and uniquely mapped reads. The number 

of genes identified in each library was determined by the number of genes with an RPKM 

(read per kilobase of exon per million of reads) of at least 0.1. The number of reads that 

map to introns or exons is a percentage of the reads successfully mapped to RefSeq. 

Note: The 156 pg, 780 pg, and 7.8 ng of rRNAdepleted RNA correspond to 2 ng, 10 ng, and 

100 ng of total RNA, prior to rRNA depletion.

SMARTer Universal Low Input RNA Kit for Sequencing은 ~87%의 

높은 mappability를 나타내며, 다양한 농도의 RNA 적용에서도 높은 재

현성과 민감도를 나타낸다(그림 4). 156 pg-7.8 ng의 rRNA-depleted 

RNA로 각각 제작한 cDNA library에서 발현 정도에 대한 Pearson 

correlation data는 높은 재현성을 보여준다(그림 4, Panel A-C). 156 

pg의 데이터에서 편차가 약간 증가하는 것은 소량의 RNA를 이용하였기 

때문일 것이다. 각각 다른 농도의 RNA를 이용한 결과값을 correlation 

plot에서 비교했을 때 모든 데이터 세트에서 일관된 결과를 보였다(그림 

4, Panel D-F) 

이와 같은 결과는 SMARTer Universal Low Input RNA Kit for 

Sequencing을 이용하면 156 pg만큼의 매우 적은 양의 rRNA-cleared 

RNA로도 고품질의 cDNA library를 제작할 수 있다는 것을 보여준다.
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Table I: Sequence Alignment Metrics

Input RNA 156 pg 780 pg 7.8 ng

No. of Reads 27,043,029 25,247,363 16,991,089

Mapped to rRNA 316,377 
(1.2%)

360,696 
(1.4%)

324,628 
(1.9%)

Mapped to Mito-
chondrial RNA

6,408,693 
(24%)

6,007,327 
(24%)

3,858,048 
(23%)

Mapped to RefSeq 16,863,730 
(84%)

16,158,298 
(86%)

10,977,858 
(87%)

Uniquely Mapped 
to RefSeq

15,480,061 
(77%)

14,823,088 
(79%)

10,034,740 
(79%)

Exons 6,464,355 
(38%)

6,185,920 
(38%)

4,256,916 
(39%)

Introns 10,399,375 
(62%)

9,972,378 
(62%)

6,720,942 
(61%)

Genes Identified 15,140 15,574 15,697

Figure 1. Yield and purity of input RNA and resulting cDNA libraries. 
Panel A. Human Brain Total RNA (HBTR) was chemically sheared, 
spiked with ERCC control RNA (4 μl of a 1:1,000 dilution per 100 ng), 
and rRNA-depleted using a modified Ribo-Zero protocol for low-
input samples. One microliter was analyzed using the Agilent 2100 
Bioanalyzer (RNA 6000 Pico chip). Panel B. Three amounts of rRNA-
depleted RNA (156 pg, 780 pg, and 7.8 ng) were used as input 
for the SMARTer Universal Low Input RNA Kit for Sequencing, 
and 1 μl of the resulting cDNA library was analyzed on the 
Agilent 2100 Bioanalyzer (High Sensitivity DNA chip).

Table I. Sequencing alignment metrics for three N6 libraries. 
cDNA libraries were created using 156 pg, 780 pg, and 7.8 ng 
of rRNA-depleted human brain reference RNA and used for 
sequencing. Illumina adapters and indices were added to 1–2 ng 
of each cDNA library using the Low Input Library Prep Kit, 
and the cDNA samples were sequenced on an Illumina MiSeq 
Platform with 1 x 50 bp reads. Reads were trimmed by CLC Genomics 
Workbench and mapped to rRNA and the mitochondrial genome 
with CLC (% reads indicated). The unmapped reads were subse-
quently mapped with CLC to the human genome with the RefSeq 
masking, producing mapped reads and uniquely mapped reads. 
The number of genes identified in each library was determined 
by the number of genes with an RPKM (read per kilobase of exon 
per million of reads) of at least 0.1. The number of reads that map 
to introns or exons is a percentage of the reads successfully 
mapped to RefSeq. Note: The 156 pg, 780 pg, and 7.8 ng of rRNA-
depleted RNA correspond to 2 ng, 10 ng, and 100 ng of total RNA, 
prior to rRNA depletion.

From this stock of rRNA-cleared RNA, the equivalent of 2 ng, 10 ng, and 100 ng of total RNA (corresponding to 156 pg, 
780 pg, and 7.8 ng of rRNA-cleared RNA, respectively) were used as input for cDNA production. cDNA libraries 
produced using the SMARTer Universal Low Input RNA Kit for Sequencing showed comparable yields and purity 
irrespective of input RNA concentrations (Figure 1, Panel B). 1–2 ng of each cDNA library was used to produce libraries 
for sequencing on an Illumina MiSeq® instrument, using the Low Input Library Prep Kit (Clontech, Cat. No. 634947). 
All libraries yielded a high number of reads, with 84–87% mapped, 77–79% uniquely mapped, and over 15,000 genes 
identified. As expected, less than 2% of reads mapped to rRNA across all three libraries (Table I).

In addition to a high mappability of ~87%, the SMARTer Universal Low Input RNA Kit for Sequencing delivers high 
reproducibility and sensitivity across experiments and input RNA concentrations (Figure 2). Pearson correlation 
data for expression levels (RPKM, read per kilobase of exon per million of reads) shows high reproducibility for 
independent cDNA library replicates produced from 156 pg–7.8 ng of rRNA-depleted RNA (Figure 2, Panels A–C). 
The slight increase in variation observed in the 156 pg data set is expected for such a low amount of input RNA. 
Correlation plots for pairs of different input RNA amounts also reveal good consistency for all data sets (Figure 2, 
Panels D–F). These results demonstrate that the SMARTer Universal Low Input RNA Kit for Sequencing is capable 
of producing high-quality cDNA libraries from a range of input RNA, extending to as low as 156 pg of rRNA-
cleared RNA.
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No. of Reads 27,043,029 25,247,363 16,991,089

Mapped to rRNA 316,377 
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360,696 
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(24%)
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Figure 1. Yield and purity of input RNA and resulting cDNA libraries. 
Panel A. Human Brain Total RNA (HBTR) was chemically sheared, 
spiked with ERCC control RNA (4 μl of a 1:1,000 dilution per 100 ng), 
and rRNA-depleted using a modified Ribo-Zero protocol for low-
input samples. One microliter was analyzed using the Agilent 2100 
Bioanalyzer (RNA 6000 Pico chip). Panel B. Three amounts of rRNA-
depleted RNA (156 pg, 780 pg, and 7.8 ng) were used as input 
for the SMARTer Universal Low Input RNA Kit for Sequencing, 
and 1 μl of the resulting cDNA library was analyzed on the 
Agilent 2100 Bioanalyzer (High Sensitivity DNA chip).

Table I. Sequencing alignment metrics for three N6 libraries. 
cDNA libraries were created using 156 pg, 780 pg, and 7.8 ng 
of rRNA-depleted human brain reference RNA and used for 
sequencing. Illumina adapters and indices were added to 1–2 ng 
of each cDNA library using the Low Input Library Prep Kit, 
and the cDNA samples were sequenced on an Illumina MiSeq 
Platform with 1 x 50 bp reads. Reads were trimmed by CLC Genomics 
Workbench and mapped to rRNA and the mitochondrial genome 
with CLC (% reads indicated). The unmapped reads were subse-
quently mapped with CLC to the human genome with the RefSeq 
masking, producing mapped reads and uniquely mapped reads. 
The number of genes identified in each library was determined 
by the number of genes with an RPKM (read per kilobase of exon 
per million of reads) of at least 0.1. The number of reads that map 
to introns or exons is a percentage of the reads successfully 
mapped to RefSeq. Note: The 156 pg, 780 pg, and 7.8 ng of rRNA-
depleted RNA correspond to 2 ng, 10 ng, and 100 ng of total RNA, 
prior to rRNA depletion.

From this stock of rRNA-cleared RNA, the equivalent of 2 ng, 10 ng, and 100 ng of total RNA (corresponding to 156 pg, 
780 pg, and 7.8 ng of rRNA-cleared RNA, respectively) were used as input for cDNA production. cDNA libraries 
produced using the SMARTer Universal Low Input RNA Kit for Sequencing showed comparable yields and purity 
irrespective of input RNA concentrations (Figure 1, Panel B). 1–2 ng of each cDNA library was used to produce libraries 
for sequencing on an Illumina MiSeq® instrument, using the Low Input Library Prep Kit (Clontech, Cat. No. 634947). 
All libraries yielded a high number of reads, with 84–87% mapped, 77–79% uniquely mapped, and over 15,000 genes 
identified. As expected, less than 2% of reads mapped to rRNA across all three libraries (Table I).

In addition to a high mappability of ~87%, the SMARTer Universal Low Input RNA Kit for Sequencing delivers high 
reproducibility and sensitivity across experiments and input RNA concentrations (Figure 2). Pearson correlation 
data for expression levels (RPKM, read per kilobase of exon per million of reads) shows high reproducibility for 
independent cDNA library replicates produced from 156 pg–7.8 ng of rRNA-depleted RNA (Figure 2, Panels A–C). 
The slight increase in variation observed in the 156 pg data set is expected for such a low amount of input RNA. 
Correlation plots for pairs of different input RNA amounts also reveal good consistency for all data sets (Figure 2, 
Panels D–F). These results demonstrate that the SMARTer Universal Low Input RNA Kit for Sequencing is capable 
of producing high-quality cDNA libraries from a range of input RNA, extending to as low as 156 pg of rRNA-
cleared RNA.
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그림 4. High reproducibility and sensitivity across a wide RNA input range. Scatter plots of expression (RPKM, read per kilobase of exon per million of reads) for cDNA libraries prepared 

from rRNA-depleted human brain RNA. Panels A–C. Comparisons of pairs of cDNA library replicas (Replica #1 and Replica #2) created from 156 pg, 780 pg, and 7.8 ng of input RNA show 

high reproducibility across a wide range of RNA concentrations. Panels D–F. Comparisons of cDNA libraries generated from pairs of RNA input amounts (780 pg and 156 pg, 7.8 ng and 156 

pg, and 7.8 ng and 780 pg) show a high correlation, suggesting consistency across input levels. Axes are plotted on a log10 scale. Insets indicate the coefficient of correlation by Spearman 

analysis (ρ) and by Pearson correlation (R).

ERCC(2) 분석에서는 >0.99 Pearson correlation을 나타냄으로써 duplicate library 사이의 높은 재현성을 확인할 수 있었다(그림 5). 또한 시퀀싱을 통

해서 밝혀진 발현 레벨은 첨가된 control transcript의 레벨과 일치하는 결과를 보여주었다. 이는 0.84-0.97의 slope와 0.858-0.936의 R2 값으로 보

여진다. 예상대로 일반적으로 사용하는 RNA 양보다 훨씬 적은 양이 첨가된 control transcript는 나타나지 않았다.

 

그림 5. High reproducibility confirmed by ERCC analysis. The ERCC (External RNA Control Consortium) Spike-In Mix (92 transcripts) was chemically sheared and 4 microliters (1:1,000 

dilution) was spiked into 100 ng of chemically sheared human brain total RNA prior to rRNA depletion. Two cDNA library replicates were generated with each of 156 pg, 780 pg, and 7.8 ng 

of rRNA-depleted RNA/ERCC mix using the SMARTer Universal Low Input RNA Kit for Sequencing. RPKM of the ERCC transcripts was plotted against the attomoles per transcript spiked 

in. The slope, R2 , and the number of transcripts are indicated per replicate. Pearson correlation (R) values per replica set were determined to be 0.998, 0.999, and 0.992 for Panels A–C, 

respectively. Axes are plotted on a log2 scale.

SMARTer Universal Low Input RNA Kit for Sequencing는 소량의 total RNA로 실험을 시작하더라도 넓은 범위에서 균일한 transcript coverage

를 제공한다. 156 pg, 780 pg, 또는 7.8 ng의 human brain total RNA를 이용하여 cDNA library를 제작한 뒤 유전자의 body coverage를 비교하기 

위해서 데이터 plot을 겹쳤을 때, 모든 조건에서 5' 또는 3' 편향은 아주 적었다(그림 6).
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Figure 2. High reproducibility and sensitivity across a wide RNA input range. Scatter plots of expression (RPKM) for cDNA libraries 
prepared from rRNA-depleted human brain RNA. Panels A–C. Comparisons of pairs of cDNA library replicas (Replica #1 and Replica #2) 
created from 156 pg, 780 pg, and 7.8 ng of input RNA show high reproducibility across a wide range of RNA concentrations. Panels D–F. 
Comparisons of cDNA libraries generated from pairs of RNA input amounts (780 pg and 156 pg, 7.8 ng and 156 pg, and 7.8 ng and 780 pg) 
show a high correlation, suggesting consistency across input levels. Axes are plotted on a log10 scale. Insets indicate the coefficient 
of correlation by Spearman analysis (ρ) and by Pearson correlation (R). 

The ERCC (2) analysis shows a high degree of reproducibility between duplicate libraries, as indicated by the 
>0.99 Pearson correlation (Figure 3). Additionally, the expression levels determined by sequencing were consistent 
with the various levels of the control transcripts spiked in; this fact is illustrated by observed slopes of 0.84–0.97 
and R2 values of 0.858–0.936. As expected, lower abundance control transcripts are not represented, as this input 
range for RNA is lower than what is typically used.

The SMARTer Universal Low Input RNA Kit for Sequencing provides uniform transcript coverage across a wide 
dynamic range, even when starting with low amounts of total RNA. Overlaid data plots comparing gene body 
coverage from cDNA libraries created using 156 pg, 780 pg, or 7.8 ng of human brain total RNA show minimal 
systemic 5' or 3' bias, across all conditions (Figure 4). 

In an independent study, cDNA synthesized with this kit using very low amounts of input RNA produced comparable 
gene counts to traditional methods that require significantly higher input, e.g. microarray analysis. Differential expres-
sion data obtained with the SMARTer Universal Low Input RNA Kit for Sequencing correlates well with qPCR data 
obtained through the MicroArray Quality Control (MAQC) project (3; Figure 5). Data generated using quantities of 
RNA ranging from 159 pg to 5.3 ng demonstrated a high degree of correlation (R 0.87–0.88), suggesting that the data 
obtained using this kit is highly accurate.
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Figure 3. High reproducibility confirmed by ERCC analysis. The ERCC (External RNA Control Consortium) Spike-In Mix (92 transcripts) 
was chemically sheared and 4 microliters (1:1,000 dilution) was spiked into 100 ng of chemically sheared human brain total RNA prior 
to rRNA depletion. Two cDNA library replicates were generated with each of 156 pg, 780 pg, and 7.8 ng of rRNA-depleted RNA/ERCC 
mix using the SMARTer Universal Low Input RNA Kit for Sequencing. RPKM of the ERCC transcripts was plotted against the attomoles 
per transcript spiked in. The slope, R2 , and the number of transcripts are indicated per replicate. Pearson correlation (R) values per replica 
set were determined to be 0.998, 0.999, and 0.992 for Panels A–C, respectively. Axes are plotted on a log2 scale.

Figure 4. Uniform gene body coverage. Overlaid data comparing transcript coverage from cDNA libraries generated using 156 pg, 780 pg, 
and 7.8 ng of rRNA-depleted human brain RNA. The x-axis represents gene length (RefSeq) normalized to 100%, where 0 is the 5'-end 
of each transcript and 100 is the 3'-end. The y-axis represents the read coverage relative to the highest coverage percentile.

Summary

The SMARTer Universal Low Input RNA Kit for Sequencing provides a simple and efficient solution for generating 
libraries for transcriptome analysis (RNA-seq) from very low amounts of total RNA that are either compromised, 
have low RIN values (2–3), or are derived from sources that lack polyadenylated mRNA. This technology works 
with as little as 200 pg of rRNA-cleared material (derived from 2 ng total RNA), and is ideal for analyzing FFPE 
and laser-captured samples. The SMARTer technology guarantees minimal bias in gene coverage and outperforms 
existing methods in reproducibility, mappability and ERCC correlation.

Reference

1. Mortazavi, A. et al. (2010) Nat. Methods 5(7):621–628.

2. Jiang, L. et al. (2011) Genome Res. 21(9):1543–1551.

3. MAQC Consortium (2006) Nat. Biotechnol. 24(98):1151–1161.
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그림 6. Uniform gene body coverage. Overlaid data comparing transcript coverage from cDNA libraries generated using 156 pg, 780 pg, and 7.8 ng of rRNA-depleted human brain RNA. 

The x-axis represents gene length (RefSeq) normalized to 100%, where 0 is the 5'-end of each transcript and 100 is the 3'-end. The y-axis represents the read coverage relative to the 

highest coverage percentile.

매우 적은 양의 RNA를 SMARTer Universal Low Input RNA Kit for Sequencing으로 합성한 cDNA는 훨씬 많은 양의 RNA를 필요로 하는 전통

적인 방법(e.g. microarray)과 유사한 gene count를 나타낸다. SMARTer Universal Low Input RNA Kit for Sequencing으로 얻어진 데이터와 

MicroArray Quality Control(MAQC) project(3)을 이용하여 얻어진 qPCR 데이터는 높은 상관성을 보여준다(그림 7). 159 pg에서 5.3 ng의 RNA 범위

를 이용하여 얻은 결과값이 높은 상관성(R 0.87–0.88)을 나타내며, 이는 본 키트를 사용하여 얻은 결과값이 매우 정확하다는 것을 보여준다고 할 수 있다.

 

그림 7. High correlation with qPCR data via MAQC analysis. Scatter plots were used to compare differential expression data obtained by sequencing cDNA libraries created with the 

SMARTer Universal RNA Kit [106 pg HURR/159 pg HBRR (A), 530 pg HURR/790 pg HBRR (B), and 5.3 ng HURR/7.9 ng HBRR (C)] and quantitative PCR (qPCR) data available for HURR 

and HBRR through the MAQC (MicroArray Quality Control) project (2). The slope and correlation (R) for the comparison line of expression ratio (in RPKM) and qPCR ratio (in Ct) are plot-

ted for HURR and HBRR, in a log2 scale. The number of genes present in both data sets is indicated. HURR = Human Universal Reference RNA. HBRR= Human Brain Reference RNA.

결론

SMARTer Universal Low Input RNA Kit for Sequencing은 매우 적은 양의 분해된 total RNA(RIN value 2-3)나 poly A가 없는 mRNA를 이용하

여 효과적으로 RNA-seq를 위한 library를 제작할 수 있다. 이 기술은 최소 200 pg의 rRNA-cleared RNA(2 ng total RNA)만으로도 RNA-Seq에 

적용할 수 있으며, 따라서 FFPE나 LCM 분석에 이상적이다. SMARTer 기술은 유전자 coverage에서 최소의 편향을 나타내며, 기존의 방법보다 뛰어

난 재현성, mappability, ERCC correlation을 보인다.

Reference

(1) Mortazavi, A. et al.(2010) Nat. Methods 5(7):621–628.

(2) Jiang, L. et al. (2011) Genome Res. 21(9):1543–1551.

(3) MAQC Consortium (2006) Nat. Biotechnol. 24(98):1151–1161.
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Figure 3. High reproducibility confirmed by ERCC analysis. The ERCC (External RNA Control Consortium) Spike-In Mix (92 transcripts) 
was chemically sheared and 4 microliters (1:1,000 dilution) was spiked into 100 ng of chemically sheared human brain total RNA prior 
to rRNA depletion. Two cDNA library replicates were generated with each of 156 pg, 780 pg, and 7.8 ng of rRNA-depleted RNA/ERCC 
mix using the SMARTer Universal Low Input RNA Kit for Sequencing. RPKM of the ERCC transcripts was plotted against the attomoles 
per transcript spiked in. The slope, R2 , and the number of transcripts are indicated per replicate. Pearson correlation (R) values per replica 
set were determined to be 0.998, 0.999, and 0.992 for Panels A–C, respectively. Axes are plotted on a log2 scale.

Figure 4. Uniform gene body coverage. Overlaid data comparing transcript coverage from cDNA libraries generated using 156 pg, 780 pg, 
and 7.8 ng of rRNA-depleted human brain RNA. The x-axis represents gene length (RefSeq) normalized to 100%, where 0 is the 5'-end 
of each transcript and 100 is the 3'-end. The y-axis represents the read coverage relative to the highest coverage percentile.

Summary

The SMARTer Universal Low Input RNA Kit for Sequencing provides a simple and efficient solution for generating 
libraries for transcriptome analysis (RNA-seq) from very low amounts of total RNA that are either compromised, 
have low RIN values (2–3), or are derived from sources that lack polyadenylated mRNA. This technology works 
with as little as 200 pg of rRNA-cleared material (derived from 2 ng total RNA), and is ideal for analyzing FFPE 
and laser-captured samples. The SMARTer technology guarantees minimal bias in gene coverage and outperforms 
existing methods in reproducibility, mappability and ERCC correlation.

Reference

1. Mortazavi, A. et al. (2010) Nat. Methods 5(7):621–628.

2. Jiang, L. et al. (2011) Genome Res. 21(9):1543–1551.
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Cat. # Product Package Size Price

634938
634940

SMARTer Universal Low Input RNA Kit for Sequencing 10 Rxns
25 Rxns

$1,349.00
$2,730.00

634947 Low Input Library Prep Kit (available late May, 2013) 12 Rxns Inquire

634945
634946

SMARTer Universal Low Input RNA Library Prep Kit (available 
late May, 2013)

10 Rxns Inquire
Inquire

Prices are subject to change without notice. Please check www.clontech.com for current pricing.

Notice to Purchaser

The Low Input Library Prep Kit and the SMARTer Universal Low Input RNA Library Prep Kit contain ThruPLEX-FD technology developed and manufactured 
by Rubicon Genomics Inc., Ann Arbor, Michigan, USA and protected by US Patent 7,803,550; EP1924704; and US and international patents pending.

Your use of these products and technologies is subject to compliance with any applicable licensing requirements described on the product’s web page at http://www.clontech.com. 
It is your responsibility to review, understand and adhere to any restrictions imposed by such statements.

Clontech products are to be used for research purposes only. They may not be used for any other purpose, including, but not limited to, use in drugs, in vitro diagnostic purposes, 
therapeutics, or in humans. Clontech products may not be transferred to third parties, resold, modified for resale, or used to manufacture commercial products or to provide a service 
to third parties without prior written approval of Clontech Laboratories, Inc.

Figure 5. High correlation with qPCR data via MAQC analysis. Scatter plots were used to compare differential expression data obtained 
by sequencing cDNA libraries created with the SMARTer Universal RNA Kit [106 pg HURR/159 pg HBRR (A), 530 pg HURR/790 pg HBRR 
(B), and 5.3 ng HURR/7.9 ng HBRR (C)] and quantitative PCR (qPCR) data available for HURR and HBRR through the MAQC (MicroArray 
Quality Control) project (2). The slope and correlation (R) for the comparison line of expression ratio (in RPKM) and qPCR ratio (in Ct) 
are plotted for HURR and HBRR, in a log2 scale. The number of genes present in both data sets is indicated. HURR = Human Universal 
Reference RNA. HBRR= Human Brain Reference RNA.

관련제품

Code			   제품명			   용량

634938	
SMARTer Universal Low Input RNA Kit for Sequencing

	 10 Rxns 

634940		  25 Rxns 

634945	
SMARTer Universal Low Input RNA Library Prep Kit

	 10 Rxns 

634946		  25 Rxns 

634820	

SMARTer Ultra Low Input RNA for Illumina Sequencing - HV

	 12 Rxns 

634823		  24 Rxns 

634826		  48 Rxns 

634828		  96 Rxns 

634830		  480 Rxns 

634936	 SMARTer Ultra Low RNA Kit for Illumina Sequencing	 100 Rxns 

634947	 Low Input Library Prep Kit	 12 Rxns 

634832	
SMARTer Ultra Low RNA Kit for the Fluidigm C1 System

	 2 IFCs

634833		  10 IFCs
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